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Abstract 
The hydrostatic bearing oil film plays a key role in supporting and lubricating. As the speed increases, the temperature of 
the lubricating oil increases and the viscosity decreases. As a result, the bearing capacity of the oil film is reduced, which 
affects the motion accuracy of the hydrostatic bearing. In this paper, the simulation and analysis of the temperature rise of 
the hydrostatic bearing oil film under the constant viscosity and the viscosity-temperature effect are performed respectively. 
Then, based on the fluid-heat-solid coupling analysis theory, the temperature field of the hydrostatic bearing and the thermal 
deformation of the spindle shaft with and without the viscosity-temperature effect are analyzed separately. The temperature 
field of the shaft and the thermal deformation of the spindle shaft are analyzed separately. Finally, the bearing temperature 
and shaft deformation are compared with the experimental values for error analysis. It is found that the error rate is smaller 
when the viscosity-temperature effect is considered. Considering the viscosity-temperature effect, the maximum error rates 
of the temperature of the radial and thrust bearing bushes are 11.05% and 7.82%, and the maximum error rates of the thermal 
deformation of the spindle shaft in the axial and radial directions are 12.03% and 18.57%. 
Keywords: Viscosity-temperature effect, Hydrostatic bearing, Thermal deformation, Coupling analysis 

 

 

1 Introduction 

Hydrostatic spindle including bearings in radial and axial 
direction, oil film and shaft, when it works, the temperature 
of the oil film between bearing and shaft will increase, 
thermal deformation will occur[1], and this will influence 
the motion accuracy of the spindle. During work process, 
the viscosity of the oil film is changed in the work process, 
in tradition research this is seen as constant[2], which will 
have an impact on the final result. In addition, the 
mechanism of thermal interaction between fluid and solid is 
not clear yet. The neglection of thermal-structure interaction 
of high-speed spindle system may lead to the modeling error 
of the thermal characteristics[3]. Lu et al. [4] performed a 
one-way fluid-solid coupling analysis on a hydrostatic 
piezoelectric spindle, and the influence of the structure 
deformation on the static performance of the hydrostatic 
piezoelectric spindle is studied. Yu Mubing et al. [5] studied 
the thermo-fluid-solid coupling deformation and friction 
failure mechanisms of bearing friction pairs under high-
speed and heavy-load conditions. The results show that the  
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temperature of the oil film rised sharply, the viscosity of the 
lubricating oil decreased rapidly, and the deformation 
increased. Feng Tan et al. [6] used a constraint optimization  

problem to obtain more accurate convective heat transfer 
coefficients. Zhang Yifan et al. [7] developed an active 
cooling strategy for spindle thermal balance control to 
accurately eliminate disturbing heat transfer. Wang et al. [8] 
used computational fluid dynamics software FLUENT to 
study hydrostatic and hydrostatic bearings for ultra-high-
speed grinding, obtained the oil film temperature 
distribution under different input conditions, and found that 
the spindle speed is the most important factor affecting the 
temperature distribution. Shao Junpeng et al. [9] proposed a 
new wedge-shaped structure that opens at the edge of the oil 
seal, using dynamic pressure to make up for the loss and 
deficiency of the hydrostatic bearing capacity, thereby 
achieving hydrostatic lubrication. Xiang Sitong et al. [10] 
proposed the analysis of main axis thermal error. In order to 
avoid these contradictions, a new data-driven prediction 
(DDP) method is proposed for dynamic linear modeling of 
thermal error of the spindle. Yan Ke et al. [11] took into 
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account the thermal-structural interaction and developed a 
network method for spindle transient analysis. T. Holkup et 
al. [12] established a thermal-structure model of the electric 
spindle, which can predict the temperature field distribution 
and temperature rise of the electric spindle. Su Hao et al. [13] 
established a hydrostatic spindle system model through 
FVEM to predict the change in thermal behavior of the 
hydrostatic spindle system.Qingyu. Meng et al. [14] 
analyzed various fractal parameters influenced on thermal 
resistance network model of motorized spindle, and Wu 
Chengyang et al. [15] used a deep learning method to predict 
thermal error of spindle, this learning model has good 
applicability to the spindle thermal error prediction and 
compensation. In addition to the modeling and impact study 
of the spindle thermal, Jialan liu et al. [16] also compensates 
for the thermally-induced error of the spindle based on long 
short term memory neural networks. 

When the above scholars study the temperature rise and 
deformation of the hydrostatic spindle, most scholars take 
the viscosity value of lubricating oil as a constant value for 
analysis. In this paper, based on the hydrostatic spindle test-
bed, the viscosity temperature equation is introduced to 
simulate the real-time variation of lubricating oil viscosity 
with temperature, and then the oil film temperature rise 
under the viscosity temperature effect is simulated, which is 
compared with the oil film temperature rise without 
considering the viscosity temperature effect. The influence 
of oil film with and without viscosity temperature effect on 
the temperature field and thermal deformation of bearing  

bush and spindle shaft is analyzed. The temperature field 

and thermal deformation are compared and analyzed. 
 

2 Simulation and Experiment 

2.1 Theoretical calculation of oil film temperature rise of 
hydrostatic bearing 

2.1.1 Structure and working principle of hydrostatic 
bearing  

According to the different structure and load-bearing 
methods of hydrostatic bearings, the hydrostatic bearing is 
divided into a radial bearing and a thrust bearing. The radial 
bearing bears the load in the radial direction of the spindle, 
and the thrust bearing bears the load in the axial direction of 
the spindle. In the hydrostatic spindle system, the 
positioning of the spindle is achieved through the 
cooperation of radial bearings and thrust bearings. The 
radial bearing is a four-cavity structure, the thrust bearing is 
a six-cavity structure, and bearing is throttled by small holes. 
Figure 1 is a schematic diagram of the structure of a 
hydrostatic bearing, and Table 1 is a structural parameter of 
the hydrostatic bearing. 
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FIgure 1 Structure of hydrostatic bearing: (a) Radial bearing, (b) 
Thrust bearing 

 

Table 1 Structural parameters of hydrostatic bearing 

Radial bearing Thrust bearing 

Flow Coefficient 0.7 Angle of oil cavity 
( ° ) 

54 
Bearing inner 

diameter R1(mm) 35 

Oil chamber angle 

( ° ) 
18° 

Bearing length 

(mm) 
70 Oil cavity length 

(mm) 
56 Seal oil edge 

inner diameter 
R2(mm) 

41 Half angle of oil 
cushion 

( ° ) 

27° 

Spindle radius 

(mm) 
35 Oil film thickness 

(mm) 
0.01 Seal oil edge 

outer diameter 
R3(mm) 

44 Lubricant density 

( kg/m3) 
858 

Oil seal edge 

length factor 
0.8 Radial oil cavity 

length factor 1.6 

Bearing outer 
diameter 
R4(mm) 

50.5 
Lubricant viscosity 

(Pa.s) 0.00575 

Throttle diameter 
(mm) 

0.8 Half angle of oil 
cushion( ° ) 

42 Oil film thickness 
(mm) 

0.012 Specific heat capacity of 
lubricant ( J/kg· ℃) 

2000 

Supply pressure 

(MPa) 1.8 

  Orifice diameter 
(mm) 

1.2 Thermal conductivity of 
lubricating oil  

(W/ m·℃) 

0.144 
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2.2.2 Radial oil film temperature rise calculation 

The frictional power Nt of hydrostatic bearing oil film is 
calculated according to Newton shear stress formula: 
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μ is the kinematic viscosity of lubricating oil, A1 is the 
seal area of oil cavity, A2 is the area of oil cavity, u is the 
linear speed of shaft, h0 is the clearance of shaft radius, Z1 
is the depth of radial bearing oil cavity. 

Output power of oil pump 

ppp QpN                   (2) 

Pp is the rated oil supply pressure of the oil pump, Ps is 
the external oil supply pressure,  is the liquid resistance 
ratio of the lubricating oil, QP is the flow of the radial 
bearing. 

 
The radial bearing has four oil chambers, so the flow of 

the radial bearing is: 
the radial bearing is: 

PP QQ 4                    (3)
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K0 is the flow coefficient, Pb0 is the oil cavity pressure, b 
is the oil cavity length coefficient, w is the axial seal oil 
surface length coefficient, L is the axial seal oil surface 
length. 

The temperature rise of the radial bearing oil film is 
composed of the frictional power of the oil film and the 
power consumed by the oil pump. The temperature rise of 
the radial oil film is calculated as: 

p

t
cQ

NN pt
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2.2.3 Calculation of thrust oil film temperature rise: 
When calculating the temperature rise of the hydrostatic 
thrust bearing oil film, a simplification is performed for each 

oil pad of the thrust bearing model, as shown in Figure 2, 
the oil sealing surface is divided into five areas and 
calculated separately.  
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FIgure 2 Simplified model of thrust bearing seal surface 

 

Solve the oil film friction power of five divided areas : 
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The friction power of the thrust bearing oil film is: 

)(6 54321 ffffff NNNNNN     (12) 

The thrust bearing oil pump power calculation is the same 
as the radial oil pump power calculation method.  

Oil pump output power of thrust bearing: 

rpr QpN                   (13) 

The temperature rise of the thrust bearing oil film 
is: 

r

t
cQ

NN rf
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2.2 Simulation of oil film temperature field of hydrostatic 
bearing 
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2.2.1 Visco-temperature effect and boundary conditions 

The viscosity change of lubricating oil with temperature is 
called the viscosity-temperature effect of lubricating oil. 
The hydrostatic bearing oil film plays a key role in support 
and lubricate. In the actual working process, as the speed 
increases, the oil film temperature increases, and the 
viscosity of the lubricating oil will change, which will affect 
the thermal deformation and lubrication of the hydrostatic 
bearing bush and the spindle shaft. Viscosity temperature 
equation: 

）（ T X-7.045e 02441.0             (15)
 

It can be seen from the viscosity temperature equation 15 
that when the viscosity value is large, the temperature is low, 
while when the viscosity value is small, the temperature is 
high. 

μ is the dynamic viscosity value at temperature x, X is the 
temperature rise of lubricating oil, T is the Reference 
temperature, T = 273.15K. 

 

2.2.2 boundary conditions 

When setting the oil film boundary conditions, the 
laminar flow model is adopted in software. The simulated 
oil film temperature field takes energy into account, so it is 
necessary to open the energy control equation in the 
software. The entrance boundary is the orifice of oil film, 
and the inlet pressure is 1.8MPa. The outlet boundary is the 
sealing edge of the oil film, and the outlet pressure is 0MPa. 
Considering the thermal effect, the outlet temperature is 
305K. Other settings remain default. 

When setting the boundary conditions of the spindle shaft, 
elastic constraints are set in the radial and thrust directions 
respectively to simulate the constraints of the radial and 
thrust bearings on the shaft.  

 

2.3 Fluid-thermal-solid coupling analysis of hydrostatic 
spindle 

Using the fluid module, thermal module and structural 
module in Workbench software, the fluid-thermal-solid 
coupling analysis of the hydrostatic spindle can be realized. 
In section 3.3, the temperature films of the radial bearing oil 
film and thrust bearing oil film with different spindle speeds 
under the viscosity temperature effect are obtained. The 
temperature fields of the radial oil film and the thrust oil film 
under the viscosity-temperature effect are respectively 
applied as loads to the hydrostatic radial bearing and the 
thrust bearing bush, which can obtain the temperature map 
of the bearing shell under the viscosity temperature effect; 
The temperature field of the radial oil film and the thrust oil 

film are applied to the spindle shaft at the same time, and 
the temperature and deformation clouds of the spindle shaft 
under the viscosity-temperature effect are obtained. 
 

2.4 Experimental verification  

The hydrostatic spindle experiment is conducted to verify 
that above simulation is valid. The test equipment consists 
of a hydrostatic spindle, a fuel tank, a cooling device, a 
loading device, and a control cabinet, as shown in Figure 3. 
The temperature of the radial bearing and thrust bearing of 
the hydrostatic bearing was detected by the Fluck-Ti32 
thermal imager, and the thermal deformation of the spindle 
was tested by the SEA9 (Spindle Error Analyzer) rotation 
error analyzer produced by the American Lion Precision 
company, as shown in Figure 4. 

 

 

FIgure 3 Hydrostatic spindle test equipment 
 

 

FIgure 4 Variation of temperature 

 

3 Results 

3.1 Theoretical calculation results of oil film temperature 
rise 

3.1.1 Theoretical calculation results 

From the formulas (1) to (14), taking into account the 
parameters of the radial oil film and thrust oil film, the oil 
film temperature rise of the radial oil film and thrust oil film 
are shown in the Table 2. 
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Table 2 The oil film temperature rise of the radial oil film and 

thrust oil film 

Rotation 
speed(rpm) 1000 1200 1500 1800 2000 

Oil film 
temperature 

rise of the 
radial (℃) 

8.6 11.78 14.32 18.56 22.05 

Oil film 
temperature 

rise of the 
thrust (℃) 

6.55 10.21 16.33 20.08 24.87 

 

3.1.2 Comparative analysis of simulation and theoretical 
calculation of oil film temperature rise 

The difference between the oil film temperature and the 
inlet temperature obtained by the simulation without 
considering the viscosity-temperature effect and 
considering the viscosity-temperature effect, respectively, to 
obtain the temperature rise of the radial oil film and the 
thrust oil film when the speed is 1000rpm, 1200rpm, 
1500rpm, 1800rpm, and 2000rpm , Compare and analyze 
the oil film temperature rise obtained by simulation and 
theoretical calculation, as shown in Figure 5. 
 

 

a 

 

b 

FIgure 5 Oil film temperature comparison: (a) Radial oil film 
temperature, (b) Thrust oil film temperature 

 

3.2 Oil film temperature cloud diagrams of hydrostatic 
bearing 

Based on the boundary conditions set in the previous 
section, the oil film temperatures are simulated at 
1000rpm, 1200rpm, 1500rpm, 1800rpm, and 2000rpm, 
and the corresponding oil film temperatures are 
compared and analyzed when considering the viscosity-
temperature effect. The radial temperature cloud 
diagrams of oil film are shown in Figure 6, and the thrust 
temperature cloud diagrams of oil film are shown in 
Figure 7. 

When the rotation speed is 1000 rpm, 1200 rpm, 1500 
rpm, 1800 rpm, 2000 rpm, the radial oil film temperature 
and the thrust oil film temperature are shown in the Table 3. 
When the viscosity-temperature effect is considered, the 
temperature of the radial oil film and the thrust oil film are 
lower than the temperature when the viscosity is a fixed 
value, and the viscosity-temperature effect becomes more 
obvious as the speed increases. 
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a 

 

d) n=1800rpm                                 e) n=2000rpm 

b 

FIgure 6 Cloud diagram of radial oil film temperature: (a) Radial oil film temperature cloud at constant viscosity, (b) Radial oil film 
temperature cloud diagram when viscosity changes 
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a 

 

b 

FIgure 7 Cloud diagram of thrust oil film temperature (a) Thrust oil film temperature cloud diagram at constant viscosity, (b) Thrust oil 
film temperature cloud diagram when viscosity changes 
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Table 3 Rotation speed and oil film temperature of radial and 
thrust without considering viscosity-temperature effect 

Rotation 
speed(rpm) 1000 1200 1500 1800 2000 

radial oil film 
temperature(k) 311 313 318 325 330 

thrust oil film 
temperature(k) 309 313 318 329 330 

 

3.3 Temperature field analysis of hydrostatic bearing 

It can be seen from Figure 8 and Figure 9, the viscosity-
temperature effect has a greater impact on the temperature 
of the radial and thrust bearings. When the viscosity-
temperature effect is considered, the temperature of the 
radial and thrust bearings is lower. As the speed increases, 
the viscosity-temperature effect becomes more pronounced. 
The higher the speed,the greater the difference in bearing 
temperature when the viscosity is constant and the viscosity 
is variabl.

 

 

a 

 

b 

FIgure 8 Temperature cloud diagram of radial bearing pad: (a) Radial bearing bush temperature cloud diagram at constant 
viscosity, (b) Radial bearing bush temperature cloud diagram with viscosity change 
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a 

 

 
b 

FIgure 9 Temperature map of thrust bearing bush: (a) Thrust bearing temperature cloud diagram at constant viscosity, (b) Thrust 
bearing temperature cloud diagram when viscosity changes 

 

3.4 Temperature field analysis of spindle shaft 

By coupling the temperature of the obtained radial oil film 
and the thrust oil film to the spindle shaft at the same time, 
the shaft temperature at different speeds can be obtained.As 
shown in Figure 10. It can be seen from Figure 10, the 

temperature of the spindle shaft considering the viscosity-
temperature effect is lower than the shaft temperature 
without considering the viscosity-temperature effect. 
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a 

 
b 

FIgure 10 Temperature cloud diagram of the hydrostatic spindle: (a) Shaft temperature cloud diagram at constant viscosity, (b) Shaft 
temperature cloud diagram at viscosity change 

 

3.5 Thermal deformation analysis of spindle shaft 

 

a 
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b 

 

FIgure 11 Thermal deformation of spindle shaft when viscosity is fixed: (a) Shaft-X thermal deformation, (b) Shaft-Y thermal 
deformation, (c) Shaft-Z thermal deformation 

 

 
a 
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b 

 

c 

FIgure 12 Thermal deformation of spindle shaft under viscosity-temperature variation: (a) Shaft temperature cloud diagram at constant 
viscosity, (b) Shaft temperature cloud diagram at viscosity change 

Table 4 Simulation of thermal deformation of the spindle shaft 
  1000rpm 1200rpm 1500rpm 1800rpm 2000rpm 

Viscosity 
constent 

X--thermal 
deformation
（μm） 

4.47 4.98 7.45 10.55 14.32 

Y--thermal 
deformation
（μm） 

4.46 5.16 7.46 10.56 14.28 

Z--thermal 
deformation
（μm） 

12.51 14.30 19.96 25.56 28.50 

Viscosity 
change 

X--thermal 
deformation
（μm） 

4.03 4.10 5.84 6.98 8.68 

Y--thermal 
deformation
（μm） 

4.03 4.16 5.56 6.96 8.64 

Z--thermal 
deformation
（μm） 

11.33 11.93 15.93 18.57 20.89 

The cloud diagram of the thermal deformation of the 
spindle at different speeds when the viscosity is fixed is 
shown in Figure 11. The thermal deformation cloud diagram 

of the spindle under the viscosity-temperature change is 
shown in Figure 12. When the rotation speed is 1000 rpm, 
1200 rpm, 1500 rpm, 1800 rpm, 2000 rpm, the thermal 
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deformation value of the spindle shaft is shown in Table 4. 

 3.6 Temperature measurement of hydrostatic bearing
 

Before measurement, the hydrostatic spindle is preheated at 
the start-up state. After the spindle reaches thermal 
equilibrium, the hydrostatic spindle speed is adjusted to 
1000 rpm. The temperature of the radial and thrust bearing 
of the hydrostatic bearing is detected using the Fluk-Ti32 
thermal imager. During the test, measure one data per 
minute, a total of 30 data are measured, and then use the 
average value as the temperature of the bearing pad. The 
other speed measurement methods are the same. A 
comparative analysis was performed between the measured 
temperature value of the bearing in the experiment and the 
simulated bearing temperature at the viscosity-temperature 
effect and the fixed viscosity value, and the results are 
shown in Figure 13. 
 

 

a 

 

b 

FIgure 13 Bearing temperature of hydrostatic bearing: (a) Radial 
bearing temperature, (b) Thrust bearing temperature 

 

3.7 Measurement of thermal deformation of hydrostatic 
spindle shaft 

Based on the hydrostatic spindle test bed, a SEA9 (Spindle 
Error Analyzer) rotary error analyzer produced by the 
American Lion Precision company was used to test the 

thermal deformation of the spindle shaft in the x, y, and z 
directions at 1000rpm, 1200rpm, 1500rpm, 1800rpm, and 
2000rpm. After 30 minutes of test time, it tends to be in a 
state of thermal equilibrium. The maximum value is taken 
as the deformation result, and compared with the simulated 
viscosity constant and the thermal deformation value of the 
shaft under the effect of viscosity temperature. The thermal 
deformation of the shaft is shown in Figure 14. 

 

 

a 

 

  b 

 

c 

FIgure 14 Deformation of the hydrostatic spindle shaft: (a) 
Thermal deformation in the shaft X direction, (b) Thermal 

deformation in the shaft Y direction, (c) Thermal deformation in 
the Z direction of the shaft 
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4 Discussion 

It can be seen from Figure 5 that the oil film temperature 
rises significantly with the increase of the spindle speed. The 
simulated value of oil film temperature is compared with the 
theoretical value. It is found that at the same speed, the oil 
film temperature rise value without considering the 
viscosity temperature effect is greater than the theoretical 
calculation value, and the theoretical calculation value is 
greater than when the viscosity temperature effect is 
considered. The temperature rise of the oil film is found to 
be closer to the theoretical calculation value when 
considering the viscosity-temperature effect. 

It can be concluded from Figure 6 and Figure 7 that the 
temperature of the radial oil film and the thrust oil film 
continuously increases with the increase of the rotation 
speed, and the high temperature region will cause a certain 
deflection due to the existence of the rotation speed. Due to 
the accumulation of lubricating oil at the oil side of the 
bearing shell seal, it cannot return to the oil cavity in 
time,the high temperature area of the radial oil film is 
concentrated at the positions of the radial oil seal and the 
axial oil seal, and the high temperature area of the thrust oil 
film is concentrated at the position of the circumferential oil 
seal. The low temperature area of the radial oil film and 
thrust oil film is mainly at the position of the lubricating oil 
inlet and the hydrostatic oil cavity, which is caused by the 
temperature of the lubricating oil when it enters the orifice. 

It can be concluded from Figure 8 and Figure 9 that with 
the increase of the rotation speed, the temperatures of the 
radial bearing and the thrust bearing are significantly 
increased, and the high-temperature and low-temperature 
distribution positions are basically the same. The high 
temperature area of the radial bearing pad is distributed in 
the oil cavity sealing oil edge position, and the high 
temperature area of the thrust bearing pad is concentrated in 
the circumferential oil sealing position.  

It can be concluded from Figure 10 that the high 
temperature region of the spindle shaft is distributed at the 
oil seal edge positions of the radial bearing and the thrust 
bearing, and the low temperature region is distributed at the 
oil cavity positions corresponding to the radial bearing and 
the thrust bearing. With the increase of the rotation speed, 
the temperature of the shaft also continues to increase.  

It can be concluded from Figure 11 and Figure 12 that the 
thermal deformation of the spindle shaft in the axial 
direction is larger than the radial thermal deformation. The 
radial thermal deformation is almost the same in the X and 
Y directions. As the rotational speed increases, the spindle 
shaft increases continuously. When the viscosity-
temperature effect is considered, the thermal deformation of 

the shaft in three directions is smaller than the 
corresponding thermal deformation value without 
considering the viscosity-temperature effect.  

It can be concluded from Figure 13 that the temperature 
of the radial bearing and the thrust bearing increases with 
the increase of the rotation speed. The value of the bearing 
temperature at a fixed viscosity value is greater than the 
experimental value, and the measured value of the 
experiment is greater than the value of the bearing 
temperature at the viscosity temperature effect. The radial 
bearing temperature is greater than the thrust bearing 
temperature at the same speed. 

It can be concluded from Figure 14 that with the increase 
of the rotation speed, the thermal deformation of the spindle 
shaft in the three directions of X, Y, and Z increases 
continuously. The thermal deformation values in the X and 
Y directions are basically the same. Thermal deformation 
measured by the experimentally is smaller than the 
simulated value when the specific viscosity is a fixed value, 
and is larger than when the viscosity-temperature effect is 
considered.  

Based on the fluid-thermal-solid coupling, the 
temperature field of the hydrostatic bearing and the thermal 
deformation result of the shaft are obtained. The 
experimental value is compared with the results of the 
viscosity-temperature effect and the viscosity constant 
value,The analysis of the bearing temperature error rate is 
shown in Figure 15, Thermal distortion error rate analysis of 
the shaft in three directions is shown in Figure 16. 

It can be concluded from Figure 15 that the temperature 
error of radial bearing and thrust bearing increases with the 
increase of speed, the error also becomes larger. When 
considering the viscosity-temperature effect, the 
temperature error of the radial bearing and thrust bearing is 
smaller than the error value when the viscosity is fixed. The 
temperature error rate of the bearing bush is the largest at 
2000 rpm, and the temperature error rates of the radial 
bearing and thrust bearing are 11.05% and 7.82% when the 
viscosity-temperature effect is considered. The temperature 
error rates of the radial bearing and thrust bearing are 17.05% 
and 8.55% when the viscosity-temperature effect is without 
considered.  

It can be concluded from Figure 16 that with the increase 
of the rotation speed, the temperature error of the spindle 
shaft in the three directions of X, Y, and Z continuously 
increases, reaching a maximum at 2000 rpm. The thermal 
distortion error is small. When considering the viscosity-
temperature effect, the maximum thermal deformation error 
rates of the shaft in the three directions of X, Y, and Z are 
18.57%, 18.10%, and 12.03%. When the viscosity is fixed, 
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the maximum thermal deformation error rates of the shaft in 
the three directions of X, Y, and Z are 34.33%, 35.36%, and 
24.4%. 

 

 

a 

 

b 

FIgure 15 Temperature error analysis of hydrostatic bearing 
bush: (a) Radial bearing temperature error, (b) Thrust bearing 

temperature error 

 

a 

 

 

b 

 

c 

FIgure 16: Error analysis of temperature difference of main shaft 
shaft deformation, (a)Shaft X-direction thermal error, (b) Shaft Y-
direction thermal error, (c) Thermal error in the Z direction of the 

shaft 
 

5 Conclusion 

This paper analyzes the temperature rise of the radial 
bearing oil film and thrust bearing oil film when the 
viscosity is fixed and the viscosity-temperature effect is 
considered. Then according to the fluid-heat-solid coupling 
analysis theory. The temperature field of the oil film is 
applied to the bearing and the shaft as a temperature load, 
and then the temperature cloud map of the bearing bush and 
the shaft and the deformation cloud map of the shaft are 
obtained. Finally, the simulation models are compared by 
experiments. 

 

(1) According to the Newtonian shear stress formula, the 
temperature rise of the radial oil film and the thrust oil film 
at different speeds are calculated in the paper. The oil film 
temperature rise of the radial oil film at the speeds of 
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1000rpm, 1200rpm, 1500rpm, 1800rpm, and 2000rpm is 
8.60℃, 11.78℃, 14.32℃, 18.56℃, 22.05℃.And the oil 
film temperature rise of the thrust oil film at the speeds of 
1000 rpm, 1200 rpm, 1500 rpm, 1800 rpm, and 2000 rpm is 
6.55℃, 10.21℃, 16.33℃, 20.08℃, 24.87℃. 

(2) The main factor influencing the temperature rise of the 
hydrostatic bearing oil film is the speed. With the increase 
of the speed, the viscosity temperature effect becomes more 
obvious. When the viscosity temperature effect is 
considered at 2000 rpm and when the viscosity temperature 
effect is not considered, the radial oil film temperature 
difference reaches 14℃ and the thrust oil film temperature 
difference also reached 8 °C. The oil film temperature rise 
when the viscosity-temperature effect is considered is closer 
to the theoretical calculation value. 

(3) Considering the viscosity-temperature effect and the 
constant viscosity value, it is found that the thermal 
deformation of the spindle shaft in the axial direction is 
more obvious than in the radial direction. When the 
viscosity is fixed, the axial thermal deformation is almost 
twice that of the radial thermal deformation. When 
considering the viscosity-temperature effect, the axial 
deformation exceeds the radial deformation by 2 times. 

(4) The larger the speed, the greater the error rate of the 
temperature of the hydrostatic spindle bearing bush and the 
thermal deformation of the shaft. When considering the 
viscosity-temperature effect, the error rate of the bearing 
temperature and the thermal deformation of the shaft is 
smaller than the error rate when the viscosity is fixed. 
Considering the effect of viscosity and temperature, the 
maximum error rates of the thermal deformation of the shaft 
in the axial and radial directions are 12.03% and 18.57%. 
The temperature error rates of the radial bearing and the 
thrust bearing are 11.05% and 7.82%.When the viscosity is 
fixed, the maximum error rates of the thermal deformation 
of the shaft in the axial and radial directions are 24.4% and 
35.36%. The temperature error rates of the radial bearing 
and the thrust bearing are 17.05% and 8.55%. 
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Figures

Figure 1

Structure of hydrostatic bearing: (a) Radial bearing, (b) Thrust bearing

Figure 2



Simpli�ed model of thrust bearing seal surface

Figure 3

Hydrostatic spindle test equipment

Figure 4



Variation of temperature

Figure 5

Oil �lm temperature comparison: (a) Radial oil �lm temperature, (b) Thrust oil �lm temperature



Figure 6

Cloud diagram of radial oil �lm temperature: (a) Radial oil �lm temperature cloud at constant viscosity,
(b) Radial oil �lm temperature cloud diagram when viscosity changes



Figure 7

Cloud diagram of thrust oil �lm temperature (a) Thrust oil �lm temperature cloud diagram at constant
viscosity, (b) Thrust oil �lm temperature cloud diagram when viscosity changes



Figure 8

Temperature cloud diagram of radial bearing pad: (a) Radial bearing bush temperature cloud diagram at
constant viscosity, (b) Radial bearing bush temperature cloud diagram with viscosity change



Figure 9

Temperature map of thrust bearing bush: (a) Thrust bearing temperature cloud diagram at constant
viscosity, (b) Thrust bearing temperature cloud diagram when viscosity changes



Figure 10

Temperature cloud diagram of the hydrostatic spindle: (a) Shaft temperature cloud diagram at constant
viscosity, (b) Shaft temperature cloud diagram at viscosity change



Figure 11

Thermal deformation of spindle shaft when viscosity is �xed: (a) Shaft-X thermal deformation, (b) Shaft-
Y thermal deformation, (c) Shaft-Z thermal deformation



Figure 12

Thermal deformation of spindle shaft under viscosity-temperature variation: (a) Shaft temperature cloud
diagram at constant viscosity, (b) Shaft temperature cloud diagram at viscosity change



Figure 13

Bearing temperature of hydrostatic bearing: (a) Radial bearing temperature, (b) Thrust bearing
temperature



Figure 14

Deformation of the hydrostatic spindle shaft: (a) Thermal deformation in the shaft X direction, (b)
Thermal deformation in the shaft Y direction, (c) Thermal deformation in the Z direction of the shaft



Figure 15

Temperature error analysis of hydrostatic bearing bush: (a) Radial bearing temperature error, (b) Thrust
bearing temperature error



Figure 16

Error analysis of temperature difference of main shaft shaft deformation, (a)Shaft X-direction thermal
error, (b) Shaft Y-direction thermal error, (c) Thermal error in the Z direction of the shaft


